Background: Marjolin's ulcer is a rare, aggressive condition that arises on chronic skin lesions and diseases. In this article, we will report 83 cases of this disease. Methods: Retrospectively, we retrieved 83 records of patients with cancer arising from chronic skin conditions. Data concerning demography, type of original skin insult, time interval between original lesion and cancer, cancer histology, and lymph node involvement were recorded.
Introduction
In the 1 st century AD Aurelius Cornelius Celsus described cancer in chronic ulcers for the first time (1) . In 1828, Jean-Nicolas Marjolin from Paris University wrote a section on ulcers that appeared in Dictionnaire de Medicine, where he described four examples of a type of ulcer under the designation of "ulcère verruqueux". The description, about half a page, did not say that the ulcers were malignant, nor did it associate them with scars or pre-existing chronic ulcers (2) . In 1903 John Chalmers DaCosta, professor of surgery at Jefferson Medical College, exemplified two cases of carcinomatous change in chronic varicose ulcers of the leg. He wrote: 'The characterization of this condition as Marjolin's ulcer I think to be proper, because it was first carefully studied and accurately described by professor Marjolin, of Paris, over fifty years ago.' (3) . In 1907, Fordyce also used the meaning of Marjolin's ulcer and later, DaCosta extended the definition to include malignancy arising in sinuses as well as malignancy in scars and chronic ulcers (4) .
It was Dupuytren in 1839 who first observed that de novo malignancy could arise in chronic wounds by observing this phenomenon in a Belgian man who was treated for a cancer which arose from a burn scar sustained from sulphuric acid (5, 6) . In 1930, Treves and Pack reported the first, now landmark and classic, review of cancer in burn scars (5) .
Today, the term Marjolin's ulcer is used to describe malignant degeneration in burn scars, chronic venous insufficiency ulcers (7) , pressure ulcers (8) , vaccination sites, urinary fistulas (6) , frostbite (9) , snakebites (10), osteomyelitis (11) , pilonidal abscesses (12) , hydradenitis suppurativa (13) , herpes zoster (14) , skin graft donor sites (15) , dog bites, knife wounds, and gunshot wounds (16) 
Although a rare condition, Marjolin's ulcer is an aggressive disease that tends to spread widely in its course. In this article, we present 83 cases of Marjolin's ulcer. This retrospective report is not only one of the large single series of Marjolin's ulcer appeared so far in English literature, but also features some rare occurrences that have been impetus for some authors to publish separate manuscripts as case reports. We have focused our attention on description of patients' demography, type of original skin insult, time interval between original lesion and cancer, cancer histology, and lymph node involvement. We have also performed a literature review on the subject. Issues regarding treatment and survival were not included in this report, as they could make the report too voluminous and therefore, could be best treated in another article.
Methods
Retrospectively, records of the patients who underwent surgery with a clinical diagnosis of Marjolin's ulcer between 1995 and 2012 in Imam khomeini Hospital and Cancer Institute (affiliated to Tehran University of Medical Sciences) were retrieved using the surgical registry. The study protocol was approved by hospital ethics committees. Patients with the pathologic diagnosis of malignancy (Marjolin's ulcer) were entered into the study and the rest including patients with benign skin lesion or records with other diagnosis except for Majolin's ulcer were excluded. Based on the contents of the records, each patient's age, gender, original cause of skin lesion and its time of onset, location of the primary skin lesion, presence of palpable regional lymph node(s), and tumor pathology and its grade (differentiation) were recorded. Tumor differentiation was obtained as stated in the pathology report sheets and classified based on a three-grade scale (well differentiated, moderately differentiated, and poorly differentiated). Not all pathology reports contained notes on tumor differentiation.
Statistical Analysis: All data were recorded using a standard data form and then analyzed by SPSS 17. Quantitative values were compared using t-test for independent groups, and for categorical data, Chisquared and Fisher's exact tests were also applied.
Results
Of 105 recorded patients, 83 had a pathologic diagnosis of malignancy. The mean age of the patients was 55.30 (SD=16.83) years, the youngest 21 and the oldest 90 years old. There were 51 males (61.5%) and 32 females (38.5%). The mean age of males was 50.88 (SD=17.38) years and that of females was 57.18 (SD=15.38) years old (p = 0.058). Table 1 shows the frequency of the sites of the primary (and of course, the site of Marjolin's lesion). Foot was the most prevalent site of primary skin lesion (49.4%) followed by scalp (15.6%). In Table 2 , the conditions leading to the skin lesion upon which Marjolin's ulcer developed are summarized. Burns following contact with hot objects or flame were the most common cause (Fig. 1 ). Of note, there was Marjolin's ulcer on surgical scar, bite scar, and bed sore. Table 3 depicts prevalence of different time intervals from the time the primary skin lesion was made and the time when the patient sought medical treatment for the newly developed lesion. These data could be obtained in 71 records. Some patients could not remember the exact date of the primary lesion when the lesion developed in a remote time, and mentioned 'infancy' or 'childhood'. We could not make these periods any more precise. The most prevalent time interval was more than 20 years and childhood. Of 83 patients, lymph node status was recorded in 62 patients. Forty three patients (69.3%) had palpable regional lymph nodes. Table 4 summarizes histopathologic diagnosis of the lesions. The SCC was the most common diagnosis, and well-differentiated most of the time. Notably, there were cases of melanoma and sarcoma. Our youngest patient was a 21-year-old man who sustained a burn on his right sole when he was 2 years old. Since 8 years prior to surgery, he developed a non-healing wound in the burned scar. Post-surgical pathology report revealed verrucous SCC. Our oldest patient was a 90-year-old man with a burn on his right hand one year prior to surgery. He had positive axillary lymph nodes, and the pathology report indicated a well differentiated SCC.
Interval between the time of original injury and the subsequent malignancy was less than 1 year in 6 patients and between 1 and 5 years in another 6 patients. Table 5 shows data specifically for these groups. In Table  6 , data concerning unusual forms of Marjolin's ulcer, as well as poorly differentiated SCC are summarized.
Discussion
In a classic report by Treves and Pack, more than 2,000 patients with skin cancer were evaluated; and it was revealed that 2% of all squamous cell carcinomas and 0.3% of basal cell carcinomas resulted from burn scar conversion. The SCC was the most common histology followed by the BCC (5, 17). Similar to findings in our report, in a series by Esther et al (18) , the male to female ratio was 3:1, with the average age of patients being over 50 years. Reports by Gül and Kiliç (19) and Lefebvre et al (20) also indicated similar ratios.
Malignant changes in burn scars can be observed at any age. In literature, the average age at diagnosis ranged between 53 and 56 years. The SCC originating in burn scars manifests 20-40 years after the original burn (17,21). Lefebvre et al found the mean age as 65.14 in their study (20) . In another study, the mean age was found as 53.5 for acute burn carcinoma and 56 years for chronic burn carcinoma (22). Perhaps the most comprehensive review of burn scar neoplasms so farwas conducted by KowalVern and Criswekll (23), who reviewed 412 cases from 146 articles between 1923 and 2004. In their article, the mean ages at tumor diagnosis was 50 and 20 years for the mean age at the time of burn injury, and the latency period was 31 years, with a 2:1 male:female distribution. While the SCC and sarcoma were equally distributed, but BCC and other neoplasms were more frequent in males, and melanoma was more frequent in females.
Fleming et al (24) state that over 90% of Marjolin's ulcers degenerate into malignancies of epidermoid origin, such as SCCs, basal cell carcinomas and malignant melanomas. Most burn scar carcinomas are SCC, whereas most arising in areas of radiation dermatitis are basal cell carcinoma (1). The most common histological type of malignancy originated from chronic wounds is the squamous cell carcinoma, and the second-most common one is the basal cell carcinoma. Other types of malignancies such as malignant melanoma, liposarcoma, osteosarcoma, adenocarcinoma and fibrosarcoma can also be seen, though very rare (25, 26). In Kowal-Vern and Criswell report (23), 71% (293 cases) of the tumors were SCC, 12% (48 cases) BCC, 6% (23 cases) melanoma, 2% (6 cases) SCC-BCC, 1% (5 cases) SCC-melanoma, 5% (21 cases) sarcoma, and 4% (16 cases) other neoplasms. Of the 21 sarcomas, malignant fibrous histiocytoma (MFH) (8 cases), fibrosarcoma (3 cases), liposarcoma (2 cases), dermatofibrosarcoma protuberans (2 cases) were the most common types.
Cultures that encouraged chronic exposure to thermal skin injuries had historically been associated with skin neoplasms: the Kangri burn cancer in India, the Kairo of the Japanese and the Kang cancer of northwest China, the British reports of erythema ab igne, and the Algerian charcoal heaters (5, (27) (28) (29) (30) . These tumors are characteristically slow growing initially, but very aggressive following local surgical therapy. Experiment performed by Arons et al on rats (31) suggested a pattern of malignant change in trauma starting with acanthosis, going through stages of basal cell hyperplasia and pseudo-epitheliomatous hyperplasia with atypical basal cell changes, and finally ending with epidermoid carcinoma. The healed burn injury, especially if the skin healed by secondary intention is at risk for continued injury during the course of daily activities because it no longer has the accoutrements of skin such as a normal dermis, nerves, vessels, and adnexa, but is rather a less elastic covering, more easily injured, ripped, and ulcerated compared to normal skin (23).
In order to explain rarity of neoplasm other than SCC and BCC in burn scar, Fleming and Rezek suggested, perhaps those connective tissue tumors occur much less frequently than epidermal malignancies because the deeper tissue is subjected to less trauma and undergoes less tissue regeneration than the superficial, more vulnerable, epidermis (24) .
In Treves and Pack report (5), tissue toxins released by the burn eschar through autolysis and poor vascularization of scar tissue that predisposes it to ulceration, acting http://mjiri.iums.ac.ir as a protective barrier against metastases were proposed to explain emergence of cancer in burn scar. Since then, various other factors have been implicated: immunological factors, cocarcinogens (32) , and miscellaneous factors such as irritation, poor lymphatic regeneration, antibodies, DNA mutations and local toxins (33) . Immunologic theory merits further elaboration. Bostwick et al (34) suggested that cancers that develop within chronic scars may do so within an immunologically privileged site. Dense scars surrounding these lesions may obliterate afferent lymphatics, preventing antigens specific for the tumor from being recognized by usual immune-surveillance mechanisms.
Although the precise pathogenesis of burn scar carcinoma remains unknown, it is mostly believed that malignant degeneration is caused by repeated ulcers and healings. Poor lymphatic regeneration, undernourished state of the burn scar, thickness, and degree of contraction in scars are the other factors that predispose burns to develop carcinoma (17,21, 22, 35) Recent advances at the molecular level have shown that burn scar with the SCC condition have mutation in Fas gene which controls apoptosis hence it, may contribute to neoplastic proliferations in burn scars (36, 37) . A 'double insult' or two hit concept has also been put forward. It suggests that the burn or injury, while not in itself carcinogenic, may cause the wound tissue to be more susceptible to other carcinogens such as ultraviolet light or radiation (38) .
Encompassing all burn scars, prevailing theories today depict the burn as an immunologically privileged site, with the scar hindering natural immune-surveillance. Crawley emphasized that patients with a lymphocytic infiltrate around the tumor were more likely to survive since they had mounted an immunologic attack on the tumor and limited the spread (39) . Heredity may play a role as evidenced by recent findings that HLA DR4 could be associated with the development of cancer (40) . Hayashi et al (41) and Harland et al (42) independently reported on the abnormalities in the p53 gene in patients with burn scar carcinoma. In Kowal-Vern and Criswell review (23), the major risk factors for the development of post-burn neoplasms have been healing by secondary intention, non-healing wounds, and fragile scars that ulcerated and were easily traumatized.
The pattern of initial skin insult may not be uniform among different nations. For example, in a report by Asuquo et al from Nigeria (43), chronic traumatic ulcer was the leading problem, found in 83.3% of patients, followed by burns. The latency period (18.5 years) was somewhat less than the previously reports (range of 20-50 years); and the histologic diagnosis in all the cases were squamous cell carcinoma. In another report (44) from Nigeria, Marjolin's ulcers represent up to 30% of primary skin cancers, and the predisposing lesion has not been burns. The histologic condition was squamous cell carcinoma in all of the cases.
Marjolin's ulcer tends to be more aggressive than other types of skin cancer, and has a higher regional metastasis and fatality rate. Although most SCCs have a metastasis rate of 0.5-3.0%, those originating from a burn scar have a metastasis rate averaging approximately 30% (45, 46) . The most significant prognostic factor predicting recurrence is tumor graded histologically, with grade II (moderately differentiated SCC) having a propensity for rapid spread to lymph nodes. Grade I was less likely to spread and was slower if it did spread (47).
In Kewal-Vern and Criswell report (23), regional lymph node involvement was seen in 22% of the cases. This was much lower than rate of lymph node involvement in our study.
In a report by Copcu et al (48) 31 cases of Marjolin's ulcer were reviewed, with the majority of ulcers located on the extremities (18 of 31; 58%). Distant metastases were not detected. However, enlarged lymph nodes were found in six (19%) patients, three of whom had a tumor on the leg. The other three patients had a tumor on the hand and axillary lymph node enlargement.
Anatomic location seemed to play a role in the metastatic potential of the tumor. Those lesions of the lower extremities are at a higher risk than other locations. Metastatic rates have been reported to be 30% in some studies (49) . It is important to note that Marjolin's ulcers have been shown to behave differently, depending on their location. Novick et al (1) , in a review of 46 patients from M.D. Anderson Hospital, reported a metastatic rate from lower extremity lesions that was twice as high as rates in any other part of the body.
The SCC is frequently seen at the head/neck localization, whereas those arising on burn scars is mostly localized on lower extremities (20) . Most lesions of Marjolin's ulcer occur on the extremities (60%), especially flexion creases, where blood supply is decreased and trauma is increased, with the head and face occurring less frequently (30%) and those on the trunk the least frequent at 10% (5, 32) . This pattern of distribution was also observed among our patients. In Kewal-Vern and Criswell report (23), of 396 cases, the lower extremities were most frequently affected 132 (33%), followed by the head (face, scalp, neck areas) 118 (30%), upper extremities 73 (19%). Of interest, BCC was not seen on the lower extremities.
In a recent study by Gül et al (19) , 20 of 36 SCCs developing on burn scars were localized on lower extremities (55.55%), with the head/neck occurring less frequently (22.22%) and those upper extremities (11.11%) and trunk (11.11%) the least frequent. Also, carcinomas on lower extremities were more likely to metastasize. (Figure 2) Development of malignancy tends to be slow. Multiple authors have reported case series with an average lag period between injury and onset of cancer between 19 and 36 years. Average age at the time of tumor onset is the fifth or sixth decade of life (1, 10, 18, 21, 38, 48, 50, 51) .
Treves and Pack (5) reported that malignant degeneration within a burn scar can very rarely be acute, occurring within 12 months, or more commonly chronic, occurring after 12 months. When acute, it is more often a basal cell carcinoma and associated with more superficial burn scars. When acute malignant degeneration to squamous cell carcinoma does occur, it more frequently presents in the older age group, over 50, with keratotic skin. Cases with acute onset have been reported to emerge within weeks (15, 52) . A case of well-differentiated SCC has been reported to appear in a 14-year-old boy 6 weeks postburn (52) . Regarding the age of the patient and of the burn scar, in 1952, Lawrence (53) hypothesized that a patient's age at the time of the burn is inversely proportional to the interval to formation of cancer. In Kewal-Vern and Criswell report (23) , that while the majority of the patients were burned in childhood, those who developed BCC had their burn injury when they were significantly older (43-21 years) compared to patients with the other tumor types (20-19 years) . The neoplastic latency period was significantly shorter for patients with BCC (19-22 years) compared to those with SCC (32-18 years) and sarcoma (35-18 years) groups. In their review, only 19 (4.6%) of the tumors had a latency period of less than 1 year. Younger patients (40-19 years old) were more likely to have a latency period of less than 1 year compared to patients (50-18 years old) with a latency period greater than 1 year.
Fibrosarcoma is the most common type of sarcoma in the scar, perhaps because precursor cells of fibrosarcoma (fibroblasts) exist in abundance in the skin scar tissues. In addition, it is suggested that the histogenesis of both fibrosarcoma and malignant fibrous histiocytoma which are the most common two burn scar sarcoma types, is the same; they originate from undifferentiated mesenchymal cells (54-56). In burn scar sarcomas, the mean time between the burn injury and diagnosis of the tumor was 35.7 years with a range 3-71 years, comparable with the average latent period of burn scar carcinomas (53, 57, 58) . Unlike burn scar carcinomas, acute onset of a malignancy was not reported in burn scar sarcomas. The earliest onset of post burn sarcoma was 3 years (33) .
Malignant fibrous histiocytoma (MFH) is the most common soft tissue sarcoma (59) . Although there is controversy regarding the exact number of reported MFH arising in burn scar, this entity is definitely a rare occurrence. Yücel et al (60) in 2000 reported two cases of MFH developing in burn scar, indicating that there were only 3 cases reported before hand.
In general, cutaneous leiomyosarcoma is a rare disease. The origin of primary cutaneous leiomyosarcoma is from the erector muscles of hair and muscles of sweat glands (61) .
To the best of our knowledge, only 1 case of leiomyosarcoma has been reported in the literature. The patient was a 22-year-old male complaining of non-healing scalp ulcer in the pre-existing burn scar. This scar was caused by a burn injury when he was 2 years old (57).
Conclusion
Marjolin's ulcer, once related only to burn scar and known to be of limited histologic variety, is now better identified and its association with virtually any chronic, and even acute or subacute, skin condition and astonishing histologic diversity better understood. We presented a relatively large series of patients with Marjolin' ulcer with significant range of both underlying skin conditions and histology, as well as latent periods. For the sake of brevity, we did not include discussion on some rare features like surgical and bite site as the underlying skin derangement, as well as some histologies like verrucous carcinoma. This study also suffers some limitations. Due to its retrospective nature, some data could not be accurately recorded (latent periods), and some data were not available (metastasis). Vigilance on the part of caring physicians in combination with close surveillance and patient education may help identify emergence of Marjolin's Ulcer as early as possible to provide the best possible treatment for this aggressive, violent disease.
